Daily water metabolism of 21 patients was studied for 3 days after intracardiac surgery and whole-body perfusion. The average obligatory water losses of these patients were approximatelv 500, 750, and 750 ml. per 1\I3 of body surface per day on the first, second, and third postoperative day, respectively. A simple system, which combines knowledge of the estimated postoperative water requirement with the known daily change in body weight, was devised to manage accurately w ater metabolism after intracardiac surgery.
THE purpose of this investigation was the determination of the daily water metabolism, the daily obligatory water losses, and the daily water requirement in children subjected to cardiac operations involving extracorporeal circulation of blood through a Gibbon-type pump-oxygenator.
All components of daily water metabolismwater input, metabolic water,* urine output, insensible water loss, and abnormal losses such as those from thoracic-tube drainage and emesis were determined. From these data the daily water balance was calculated.
However, our prime interest centered upon the measurement of the daily obligatory water losses, which were the obligatory urine water, the insensible water loss, and the abnormal losses. The obligatory water losses may be defined as those that occur at a constant rate irrespective of the body's state of hydration. Gamble,'2 in his studies of life-raft rations, emphasized the obligatory nature of the insensible water loss and the urine water loss; these losses occurred in thirsting and fasting subjects despite the body's need for water conservation. In the postoperative patient abnormal losses, such as those from thoracictube drainage and emesis, must be regarded as obligatory losses. The daily obligatory water losses together represent the amount that w'ould be lost on a postoperative day if a patient received no water. Hence, wve have assumed that the amount of the daily obligatory water losses (minus the metabolic water) is a reasonable estimate of water need on a given day in our postoperative patients.
Incidental to our main objectives was an evaluation of the concentration of water in the serum.3-' We wished to learn whether such an evaluation would offer a reliable method of determining the status of body water in our patients.
MATERIALS AND METHODS Twenty-one children who underwent a cardiac operation were studied. Extracorporeal circulation by means of a Gibbon-type pump-oxygenator6 was carried out in each case (table 1) .
Anesthesia was induced in each patient with cyclopropane; tracheal intubation was carried out after the induction. During operation the patient was maintained at a light level of anesthesia with ether and oxygen. Preoperatively, each patient received a small dose of pentobarbital sodium (Nembutal), and morphine sulfate in a dose of 1.0 mg. per 10 pounds of body weight. Operation was carried out with the patient supine. Exposure was obtained through bilateral anterior thoracotomy. Potassium asystole was induced in 18 of the 21 patients.
All balance studies were carried out in the Domi- the operating theater and 1 in the cardiovascular unit. Each of these scales was accurate to within 10 Gm. Blood was drawn from each patient before and after extracorporeal circulation, and 4, 7, and 10 hours after the end of operation. We attempted to obtain a blood sample every 12 hours but this was not always feasible in these severely ill patients. The blood samples drawn during the first 2 days of each study were obtained from a catheter whose tip was in the inferior vena cava. Blood samples drawn on the third day of study were usually obtained from the superficial veins of the arm. Two milliliters of serum from each blood sample were used to determine the osmolarity by freezing-point depression with a Fiske osmometer.7 The osmometer was calibrated with known molal solutions of sodium chloride; measurements of osmolarityt were thus expressed as equivalent to milliosmols of sodium chloride per 1,000 Gm. of water. Urine was collected by means of a retention catheter in the bladder, which was connected by plastic tubing to a glass bottle. The first urine-collection period was 11 hours, the second 7 hours, and the rest 6 hours each. In 4 cases all collections of urine were at intervals of 6 hours. The output of urine was measured at the end of each collection period in glass cylinders calibrated in 10-ml. increments. Two milliliters of urine from each collection period were used to determine osmolarity.
Stools occurred only twice in the 60 patient-days of study. On each occasion the amount passed was very small and its weight was estimated. Amounts of vomited material of less than 15 ml. were estimated. Larger volumes were measured.
Blood loss was replaced volumetrically throughout the postoperative period. A careful record was kept of the hourlv blood loss and blood replacement; the cumulative balance was recorded hourly. Thus blood balance was accurately known during the period of study and proved not to be a factor in the water balance.
Thoracic-tube drainage was included in the abnormal losses only when it was serous and when it was not replaced with blood. No sweating was observed at any time during the study of any patient in this series; if sweating did occur, this loss is included in the insensible weight loss. Surface The total excretion of urine solute was calculated by multiplying the urine volume (ml.) by the urine osmolarity (m-osm./1,000 ml.). The equation is urine volume (ml.) X urine osmolarity (m-osmn./1 ,000 nl.) = total urine-solute excretion (mn-osm.).
Obligatory urine water was calculated on the assumption that the average minimal concentration of water in the urine of a postoperative patient who does not have renal or endocrine disease is 1.0 ml./ m-osm. of urine solute. This figure was selected since it represents the average minimal value in our group of patients (section C of figs. 1 to 10). Gamble found 0.7 ml./m-osm. as the obligatory urine water of patients who we maintained without fluid intake for 96 hours. We believe our figure is physiologically more appropriate in postoperative patients. The equation is urine solute (m-osm.) X 1 ml./m-osm.
= ml. of obligatory urine 12°0. The difference between the total volume and the obligatory volume of urine represents the free water in the urine.
In this study the volume of the urine was assumed to be identical with the volume of the water; no correction was made for solids in the urine. This introduced a small systematic error in the data.
The insensible weight loss was determined by the method of Newburgh and associates. The insensible water loss was assumed to be 90 per cent of the insensible weight loss.9 The metabolic water was calculated for each day of study of 4 patients. This was achieved after the directions of Newburgh and associates.'
RESULTS
Daily Water Metabolism (Section F of Jigs.
1 to 10). The input of water ranged between 440 and 1,620 ml. per M.2 per day. It was usually 600 to 900 ml. Water inputs greater than 1,000 ml. occurred generally on the third day of study in patients who were progressing satisfactorily (figs. 1, 4, 6-8). One patient ( fig. 9 ) received 1,020 ml. per M.2 per day during the first day of study to facilitate the administration of norepinephrine.
Metabolic w-ater was assumed3 to be 270 were no abnormal losses. If abnormal losses do occur they will place the patient in negative water balance, which seems most desirable on this day.
Substituting into the formula the data of the twenty-fourth to the forty-eighth hour yields: We have rounded off the estimate of water needs to 750 ml. per M.2 per day for the second and third days. It is thought that this figure represents a reasonable estimation of the amount of water patients similar to these would need on the second and third postoperative days to keep them near zero water balance. The estimation of abnormal losses that were added to the calculations for the second and third days simplifies clinical management; it saves volumetric addition to the daily water input as abnormal losses occur.
Serum Water Concentration (Section B of Jigs. I to 10). The concentration of water in the serum was very low immediately after perfusion. It returned to normal within 12 hours in every case except 1. This phenomenon will be discussed in a subsequent paper."
There was considerable variance between the balance data and the serum water concentration in certain patients. One patient was in negative water balance during each 24-hour period of study. Yet the water content of his serum rose gradually throughout the study (fig. 3) . Another patient was in negative water balance for the study period as a whole; his serum water concentration rose steadily throughout the study. A patient who was in positive water balance during the first 48 hours of study showed little variability of his serum water content ( fig. 10) . A rise of serum water concentration to the upper physiologic limit was observed in a patient who was in marked negative balance throughout the study ( fig. 6) . A value at the upper physiologic limit was noted during the fiftieth hour of study in a patient who was in slight negative balance for the first 48 hours of study ( fig. 7 ). An abnormally low value was found in 1 patient at the fiftieth hour of study; this patient was in positive water balance during the first 48 hours of study ( fig. 9 ).
Since some patients exhibited increased serum water in the face of negative water balance, while others showed unchanged or even decreased serum water with positive water balance, it seems that serum water in this group of patients was not a reliable reflection of the status of bodv water.
U7rine lbater Concentration (Section C of figs. 1 to 10). The concentration of water in the urine of most patients remained close to 1.0 ml. per m-osm. during the first 3f hours of study (section C of fig. 5 ). It was slightly more than this value after the perfusion of some patients ( fig. 7) . No high values for urine water content were observed during the first 36 hours of study. Some patients who received a moderate water load on the third day of study had a rise in their urine water concentration (section C of figs. 1 and 2). A few patients (section C of figs. 9 and 10) had values for urine water content of more than 1.0 ml. per m-osm. throughout the study.
DIscussIoN
Daily Water Metabolism. Some of our patients received a water input, greater than 1,000 ml. per 1\1.2 per day. This seems to be an excessive amount in light of our measurements of obligatory water losses and calculations of the daily water requirement. We no longer administer large amounts of water to such patients.
Although our calculations of metabolic water are in approximate agreement with previously published figures,3 the many variables affecting this calculation suggest acceptance of the results with caution. The assumption of Newburgh and others that 25 per cent of total energy output is represented by vaporization of water was derived from data collected under controlled environmental conditions. In the humid atmosphere surrounding our patients, dissipation of heat by vaporization of water was probably somewhat less than that observed under conditions of lower humidity. Such being the case, our values for metabolic water are underestimations of unknown degree. These do not, however, seriously affect the final calculations of water balance.
The data on output of urine (section D of figs. 1 to 10) reveal that most patients in the first 36 hours of study excreted predominantly obligatory urine water, that is, urine with an osmolarity of approximately 1,000 m-osm. per L. and a specific gravity of 1.025. This is strong evidence of antidiuresis during this time. It appears that such patients would tolerate poorly a large water load during this time.
Thirst was a striking symptom in almost every child in this series. It was present in most patients, even those who were in positive water balance. It is felt that thirst is an unreliable symptom. Wynn's"1 observation of thirst among patients with water intoxication substantiates our observation.
Although our prime objective in this invrestigation was to determine the daily obligatory water losses, we found the daily change in body weight a very useful clinical means of assessing a patient's water balance. It is our opinion that the daily change of body weight was the simplest, the most nearly accurate, and the most informative method of evaluating water balance. As soon as a patient was weighed in the morning it was possible to determine the change in body weight from the previous day. By One group of investigators decreased markedly the insensible weight loss of newborn infants by placing them in an "atmosphere supersaturated with water."'3 They were able to show that the decrease in insensible weight loss was due to a decrease in pulmonary water loss. Other investigators" showed that the insensible water loss decreased about 40 per cent when the relative humidity was raised from 20 per cent to 80 per cent. Both of these studies suggest that our low values for insensible water loss may have been the result of the large water content of the atmosphere within the oxygen tent.
Daily Water Requirement. It may be said that our estimations of daily water need are only mean values; therefore, the variability of the daily losses in this series suggests that one cannot achieve accurate water balance in any given patient. This statement is a truism. One cannot predict the daily losses in a particular patient before they occur. However, the use of a mean value is the best available method for estimating water need in a particular type of patient.
The use of the estimated daily water requirement together with the daily change in body weight makes accurate water balance possible in patients such as ours. For We have found that the technic of combining knowledge of the estimated water requirement with knowledge of the daily change in body weight is an invaluable aid in the daily management of water metabolism after cardiac operations involving extracorporeal circulation.
SUMMARY
Various aspects of water metabolism were studied in 21 postoperative patients who had undergone intracardiac operations using extracorporeal circulation.
The body weight decreased daily in most of the patients. The usual weight loss was 200 to 400 Gm. per M.2 of body surface per day. The concentration of water in the serum was found to be low immediately after perfusion and it returned to normal in 7 to 10 hours. A disturbing lack of correlation between the serum water concentration and the waterbalance data was noted. The concentration of water in the urine remained near its minimal value in the first 36 It was considered that the body water was maintained within ±t2 to 3 per cent of the previous day's status during most days of study.
CONCLUSIONS
Patients similar to ours can be maintained in water balance with 500, 750, and 750 ml. per M\.2 per day of water input on the first, second, and third postoperative day, respectively.
The daily change in body weight is the simplest, the most nearly accurate, and the most informative method of evaluating postoperative water balance. A decrease in body weight of 200 to 400 Gm. per M.2 per day in the first few postoperative days appears to be the most desirable course. Provided the body weight is measured daily, it is possible to manage adequately water balance in the usual patient after extracorporeal circulation without such determinations as the concentration of water in the serum and urine, the excretion of urine solute, and insensible water loss.
The serum water concentration is of little value in assessing the postoperative water balance of patients undergoing intracardiac operations involving extracorporeal circulation.
The symptom of thirst is not reliable in patients such as these. 
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